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Abstract
Three patients diagnosed with severe COVID-19 pneumonia received treatment with 
hydroxychloroquine combined with lopinavir, ritonavir, and favipiravir. Two pa-
tients diagnosed early, received tocilizumab when the pneumonia became severe and 
survived. The thrid patient was diagnosed late and received tocilizumab when the 
disease progressed to acute respiratory distress syndrome, and died.
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1 |  INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was first reported as the cause of bilateral interstitial pneu-
monia in Wuhan, Hubei province, China, in January 2020.1 
COVID-19 has spread rapidly worldwide being highly 

contagious. In March 2020, the World Health Organization 
(WHO) declared COVID-19 as a global pandemic.2,3

Previous reports have shown common symptoms 
among patients with COVID-19 including fever (89%), dry 
cough (68%), fatigue (38%), and dyspnoea (19%).4 Most 
patients with COVID-19 (84%) have mild disease and 
spontaneously recover, and the rest (16%) develop severe 
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disease.4 The most common manifestation of these pa-
tients is pneumonia, which may rapidly progress to severe 
pneumonia and then to acute respiratory distress syndrome 
(ARDS) and/or organs dysfunction. This is potentially due 
to an excessive host immune response by hyperactivation 
of cytotoxic T cells and humoral immune response, partic-
ularly of interleukin (IL)-6, which plays an important role 
as a primary critical mediator for the development of cyto-
kine storms, leading to respiratory failure, shock, and organ 
dysfunction.4-6

A previous study demonstrated a mortality rate of 8.1% 
among patients with severe COVID-19 pneumonia, and 
only 0.1% of them had nonsevere COVID-19.4 Currently, 
there is no proven effective treatment for patients with 
severe COVID-19 pneumonia. A recent randomized con-
trolled trial on lopinavir plus ritonavir revealed no differ-
ence in time to clinical improvement and mortality between 
adults hospitalized with severe COVID-19 pneumonia and 
those who received standard care.7 Similarly, a systemic 
review showed that chloroquine or hydroxychloroquine 
could not reduce mortality compared with standard care 
among hospitalized patients with COVID-19.8 However, 
a previous nonrandomized controlled trial revealed favip-
iravir as an independent factor associated with faster viral 
clearance.9 In Thailand, national regulations have recom-
mended a combination antiviral therapy, including chloro-
quine or hydroxychloroquine and darunavir plus ritonavir 
or lopinavir plus ritonavir combined favipiravir, for 10 days 
in patients with COVID-19 pneumonia. This may inhibit 
viral replication enabling the progression of the disease to 
a hyperinflammatory state.10 Thereafter, patients should be 
monitored for clinical findings, including the ratio of arte-
rial oxygen saturation (SpO2) and fraction of inspired ox-
ygen (FiO2), chest radiograph, high sensitivity C-reactive 
protein (hs-CRP), and lactate dehydrogenase (LDH). In 
cases of severe COVID-19 pneumonia, IL-6 levels should 
be monitored.

In addition, a systematic review indicated that an an-
ti-IL-6 receptor antibody may benefit patients with se-
vere COVID-19 pneumonia, although the effectiveness 
of anti-IL-6 receptor antibody, such as tocilizumab for 
COVID-19 remains uncertain.11 The early recognition of 
SARS-CoV-2 infection and the timely treatment of COVID-
19 patients with particularly severe pneumonia are import-
ant for preventing the occurrence of cytokine storms and 
ensuring patient survival.6,12

Herein, we report three patients with confirmed SARS-
CoV-2 infection who developed severe pneumonia that was 
refractory to treatment combination of hydroxychloroquine, 
lopinavir plus ritonavir, and favipiravir. Tocilizumab was 
then administered, and the disease severity was monitored 
using IL-6 and hs-CRP levels.

2 |  CASE HISTORY

2.1 | Case 1

A 58-year-old Thai man with a body weight of 70 kg, height 
of 175 cm, body mass index (BMI) of 22.8 kg/m2, who had 
chronic medical illness of hypertension, hyperlipidemia, and 
coronary artery disease presented to the emergency depart-
ment with symptoms of fever with chills, productive cough 
with white phlegm, sneezing, sore throat, and myalgia. The 
patient received hydroxychloroquine, lopinavir plus ritona-
vir, and favipiravir for 10 days combined with azithromycin 
for 5 days. His recent medications included manidipine (10 
mg once daily, orally), atenolol (25 mg once daily, orally), 
rosuvastatin (20 mg once daily, orally), clopidogrel (75 mg 
once daily, orally), and aspirin (81 mg once daily, orally). 
He was a healthcare worker who had been in contact with a 
hospitalized patient with confirmed SARS-CoV-2 infection 
on day -17 of hospitalization and was quarantined thereafter. 
On day -3 of hospitalization, both samples of nasopharyngeal 
swab and oropharyngeal swab showed undetectable levels 
of SARS-CoV-2 RNA using real-time reverse transcription-
polymerase chain reaction (RT-PCR), and the patient showed 
no symptoms.

On day -2 of hospitalization, he had fever with chills, 
productive cough with white phlegm, sneezing, sore throat, 
and myalgia. The patient received treatment with oseltamivir 
(150 mg twice daily, orally) and azithromycin (500 mg once 
daily, orally), but the symptoms did not improve. On the day 
of hospitalization, body temperature 37.9 ºC, heart rate 90 
beats/min, blood pressure 136/85 mmHg, respiratory rate 20 
breaths/min, and SpO2 97% in room air (Table 1). Chest ra-
diograph was normal, but chest computed tomography (CT) 
showed ground-glass infiltration at the posterior segment 
of the left lower lobe by air bronchogram (Figure 1A). RT-
PCR assay showed detectable levels of SARS-CoV-2 RNA 
at the region of ORF1ab/RdRp, E and N gene, in both sam-
ples of nasopharyngeal swab and throat swabs. Laboratory 
findings showed low absolute lymphocyte count (ALC; 419 
cells/mm3). The patient was admitted to the negative pres-
sure isolation ward and received treatment of hydroxychloro-
quine (400 mg every 12 hours for 1 day, then 200 mg every 
12 hours, orally), darunavir plus ritonavir (800/100 mg once 
daily, orally) as antiviral treatment, starting on day- 1 of hos-
pitalization. Azithromycin (500 mg once daily, orally) was 
administered as an anti-microbial and anti-inflammatory 
agent (Table 1).

Chest radiograph on day- 2 of hospitalization showed pro-
gression of interstitial infiltration in the right middle and left 
lower lung zones (Figure 1B). On day- 3 of hospitalization, 
the patient developed symptoms of fatigue, watery diarrhea, 
shortness of breath, and hypoxemia (SpO2 92% in room air; 
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Table 1). Darunavir plus ritonavir were then stopped, and 
lopinavir plus ritonavir (400/100 mg every 12 hours, orally) 
combined with favipiravir (1600 mg every 12 hours for 1 day, 
then 600 mg every 12 hours, orally) were prescribed as anti-
viral treatment (Table 1).

On day- 8 of hospitalization (Table 1), the patient still 
had fever with productive cough, fatigue, anorexia, watery 
diarrhea, shortness of breath, and hypoxemia (SpO2 88% in 
room air). He was then transferred to the intensive care unit 
(ICU) with negative pressure isolation. Chest radiograph 
showed new alveolar infiltration in the right upper lung zone 
and increased alveolar infiltration in the right middle, left 
upper, and left lower lung zones (Figure 1C). Laboratory 
findings showed low ALC (408  cells/mm3), increased hs-
CRP (164.7  mg/L), increased levels of IL-6 (46.6  pg/mL), 
and increased levels of LDH (409 U/L). Tocilizumab (8 mg/
kg/dose intravenous drip for 90 minutes with repeated dose 
in the next 12 hours) was administered due to progression of 
hypoxemia and increased lung infiltration. The patient also 
received supplement oxygen of 5 L/min via a nasal cannula 
in the prone position to keep SpO2 >94%.

On day- 9 of hospitalization (Table 1), the IL-6 levels 
prior to receiving the second dose of tocilizumab markedly 
increased to 784.0 pg/mL. The patient’s symptoms improved, 
with no fever, decreased cough, decreased shortness of 
breath, and increased SpO2 (91% in room air). Laboratory 
findings showed low ALC (351  cells/mm3), decreased hs-
CRP levels (155.8 mg/L), and mildly elevated alanine amino-
transferase (ALT) levels (41 U/L). Chest radiograph showed 
slightly decreased infiltration in both upper lung zones, but 
infiltration in both lower lung zones was unchanged. On day- 
10 of hospitalization (Table 1), the symptoms gradually im-
proved. Chest radiograph showed decreased lung infiltration, 
and laboratory findings showed low ALC (289  cells/mm3) 
and markedly decreased levels of hs-CRP (63.1 mg/L).

On day- 11 of hospitalization (Table 1), laboratory find-
ings showed increased ALC (758 cells/mm3), decreased hs-
CRP levels (31.6 mg/L), and mildly elevated ALT levels (56 
U/L). Chest radiograph showed markedly decreased infiltra-
tion on day- 18 of hospitalization and was normal on day- 27 
of hospitalization (Figure 1D). However, both samples of na-
sopharyngeal and oropharyngeal swabs still showed detect-
able levels of SARS-CoV-2 RNA using RT-PCR on day- 36 
of hospitalization, although the patient had no symptoms.

2.2 | Case 2

A 34-year-old Thai woman with a body weight of 74.6 kg, 
height of 160 cm, and BMI of 29.1 kg/m2, presented to an 
acute respiratory infection clinic with symptoms of fever 
(36.2°C-38.6°C) and sore throat. Physical examination re-
vealed enlargement of both tonsils with exudate. She was D
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diagnosed with acute exudative tonsillitis and received treat-
ment with amoxicillin plus clavulanate (1 g every 12 hours, 
orally). She was a healthcare worker and had had contact with 
a hospitalized patient with confirmed SARS-CoV-2 infection 
on day -18 of hospitalization and was thereafter quarantined. 
On day -4 of hospitalization, both samples of nasopharyngeal 
swab and throat swab showed undetectable levels of SARS-
CoV-2 RNA, and the patient had no symptoms. Both samples 
of nasopharyngeal and oropharyngeal swabs were retested for 
SARS-CoV-2 RNA on day -1 of hospitalization. The results 
showed detectable SARS-CoV-2 RNA levels in the region of 
ORF1ab, N gene, NS-1, and NS-2 in both samples (Table 2).

On the day of hospitalization (Table 2), the patient had 
fever, dry cough, sore throat, myalgia, and fatigue. She re-
ceived antiviral treatment with hydroxychloroquine and 
lopinavir plus ritonavir for 10 days, combined with favipira-
vir and azithromycin for 14 days. A physical examinations 
revealed body temperature 37.0°C, heart rate 106 beats/min 
with regular rate and rhythm, blood pressure 120/80 mmHg, 
respiratory rate 18 breaths/min, and SpO2 96% in room air. 
Both tonsils were still enlarged with exudate. Chest radio-
graph showed minimal interstitial infiltration in the left lower 
lung zone (Figure 2A), and chest CT scan without contrast 
showed patchy ground glass with overlying consolidation 
opacity and interlobar septal thickening in the inferior lin-
gular segment of the left upper lobe (Figure 2B). Laboratory 
findings showed ALC of 1592 cells/mm3.

The patient was admitted to the negative pressure isolation 
ward and received antiviral treatment with hydroxychloroquine 
(400 mg every 12 hours for 1 day, then 200 mg every 12 hours, 
orally) and lopinavir plus ritonavir (400/100 mg every 12 hours, 
orally) combined with azithromycin (500  mg, then 250  mg, 
once daily, orally) for anti-inflammation. Amoxicillin plus 
clavulanate (1.2 g every 12 hours, intravenously) was given for 
continued treatment of acute exudative tonsillitis. Favipiravir 
(1600 mg every 12 hours for 1 day, then 600 mg every 12 hours, 

orally) was added as an antiviral treatment on day- 2 of hos-
pitalization, after awaiting drug delivery from the hospital of 
Ministry of Public Health in Thailand.

On day- 5 of hospitalization (Table 2), her fever rose to 
39.1ºC combined with increased symptoms of cough, my-
algia, fatigue, anorexia, vomiting, watery diarrhea, pleuritic 
chest pain, and shortness of breath, but no sore throat and 
no enlargement of both tonsils. Amoxicillin plus clavulanate 
was then stopped and cefoperazone plus sulbactam (1.5  g 
every 12 hours, intravenously) was administered due to sus-
pected nosocomially  acquired infections. Laboratory find-
ings showed low ALC (1309 cells/mm3).

On day- 6 of hospitalization, chest radiograph showed 
progression of alveolar infiltration at the right upper and 
right middle lung zone and increased interstitial infiltration 
in the left upper, middle, and lower lung zone (Figure 2C). 
The patient was then transferred to the ICU with negative 
pressure isolation due to decreased SpO2 (87%) in room 
air and increased shortness of breath with a respiratory 
rate of 40 breaths/min. The patient received supplement 
oxygen via a face mask in the prone position in order to 
keep SpO2 >94%. Tocilizumab (8 mg/kg/dose intravenous 
drip for 90 min with repeated dose for the next 12 hours) 
was then administered to attenuate lung inflammation, as 
hypoxemia developed. Laboratory findings showed low 
ALC (1158  cells/mm3) and increased levels of hs-CRP 
(145.4  mg/L), IL-6 (49.8  pg/mL), and LDH (380  U/L) 
(Table 2).

On day- 7 of hospitalization, the symptoms showed 
improvement, the body temperature dropped (37.1 ºC), 
and SpO2 was increased (91% in room air). Laboratory 
findings showed low ALC (1013 cells/mm3), decreased 
levels of hs-CRP (120.8 mg/L) and LDH (369 U/L), and 
increased levels of IL-6 (865.0 pg/mL) (Table 2). On day- 
8 of hospitalization, chest radiograph showed decreased 
infiltration in both lungs, but new alveolar infiltration was 

F I G U R E  1  Chest imaging of a 58-year-old Thai man (case 1). A, Chest computed tomography scan on day of hospitalization, showing 
ground-glass infiltration at the posterior segment of the left lower lobe by air bronchogram. B, Chest radiograph on day 2 of hospitalization, 
showing progression of interstitial infiltration in the right middle and left lower lung zones. C, Chest radiograph on day 8 of hospitalization, 
showing new alveolar infiltration in the right upper lung zone and increased alveolar infiltration in the right middle, left upper, and left lower lung 
zones. D, Chest radiograph on day 27 of hospitalization was normal

(A) (B) (C) (D)
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observed in the right lower lung zone. On day- 9 of hos-
pitalization, laboratory findings showed increased ALC 
(1370 cells/mm3) and markedly decreased hs-CRP levels 
(5.4 mg/L) (Table 2).

On day- 10 of hospitalization, a maculopapular rash with 
itching was observed on both arms and thighs. The patient 
received antihistamine medications, including chlorpheni-
ramine (10 mg every 8 hours, intravenously), diphenhydr-
amine (50 mg once a day, orally), and cetirizine (20 mg every 
12 hours, orally). Generalized maculopapular rash was then 
found to have spread throughout the face, neck, and trunk on 
day- 12 of hospitalization (Figure 3). The rash decreased on 
day- 13 of hospitalization, 3 days after stopping hydroxychlo-
roquine and lopinavir plus ritonavir (Table 2).

On day- 11 of hospitalization, ALT levels (115 U/L) 
were elevated and rose to 303 U/L on day- 16 of hospital-
ization (Table 2), but decreased to 170  U/L on day- 36 of 
hospitalization.

On day- 12 of hospitalization, chest radiograph showed 
mark decreased infiltration in both lungs, and SpO2 increased 
(96% in room air) on day- 13 of hospitalization (Table 2). 
Hemocultures and sputum culture were negative. The patient 
was transferred back to the negative pressure isolation ward.

Chest radiograph was normal on day- 36 of hospitalization 
(Figure 2D). RT-PCR assay for the detection of SARS-CoV-2 
RNA was negative on two repeated samples of nasopharyn-
geal and oropharyngeal swabs day- 16 of hospitalization and 
on day- 33 of hospitalization.

2.3 | Case 3

A 78-year-old Thai woman presented to the emergency de-
partment with right hemiparesis and drowsiness after a fall 
due to acute left thalamic infarction with intraventricular 
hemorrhage. The patient died on day- 31 of hospitalization 
due to septic shock. Urine culture showed >105 CFU/mL of 
Candida albicans and Stenotrophomonas maltophilia. She 
had underlying chronic medical illness, including hyper-
tension, hyperlipidemia, and paroxysmal atrial fibrillation. 
Physical examination showed Glasgow Coma Scale (GCS) 
score of 8 (E3M1V4), blood pressure of 187/84 mm Hg, and 
motor power grade II on the right extremities. The patient 
received normal saline infusion, and blood pressure was con-
trolled in the ICU. The GCS score increased to 12 (E4M2V6), 
and motor power increased to grade III on the right extremi-
ties within 24 hours after treatment (Table 3).

On day- 3 of hospitalization, the patient had fever and 
atrial fibrillation with rapid ventricular rate of 124 beats/
min. Amiodarone was administered for controlling the heart 
rate and blood pressure within a range of 66-92  beats/min 
and 129/68-164/63 mmHg, respectively. The GCS score de-
creased to 9 (E2M2V5), but motor power was still grade III on D
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the right extremities. The patient had no cough and no short-
ness of breath, but lungs showed crepitation in both lower 
lobes. Chest radiograph showed increased alveolar infiltra-
tion in both the lower lung zones (Figure 4A). Laboratory 
findings showed leucocytosis (12270  cells/mm3) with neu-
trophilia (9767  cells/mm3), and urinalysis revealed 30-50 
white blood cells/high power field. Doripenem (500  mg 
every 8 hours, intravenously) was then given due to suspected 
hospital-acquired pneumonia and urinary tract infection. Two 
samples of hemoculture were negative, but sputum culture 
showed Klebsiella pneumoniae, and urine culture showed 
Escherichia coli >105 CFU/mL. Both organisms were sen-
sitive to ceftriaxone, and the antibiotic was then tapered to 
ceftriaxone (2 g once daily, intravenously). Between days- 5 
and 9 of hospitalization, the patient had no fever, and chest 
radiograph showed decreased infiltration in both lower lung 
zones (Figure 4B).

On day- 10 of hospitalization, the patient had no fever, but 
she had fatigue, watery diarrhea, increased respiratory rate 
(22 breaths/min), decreased SpO2 (94%), and lung crepitation 
at the right upper lobe (Table 3). Chest radiograph showed 
alveolar infiltration at the right upper lung zone and intersti-
tial infiltration at the left lower lung zone. Complete blood 
analysis showed normal white blood cell count, but low ALC 
(892 cells/mm3).

On day- 13 of hospitalization, the patient had dry cough, fa-
tigue, and watery diarrhea (Table 3). Chest radiograph showed 
increased alveolar infiltration at the right upper, middle, and 
lower lung zones, but no change in the interstitial infiltration 
at the left upper and lower lung zones. Sputum smears for ac-
id-fast bacilli were negative for 3 consecutive days.

On day- 15 of hospitalization, the patient still had dry 
cough, fatigue, and watery diarrhea, but shortness of breath 
with decreased SpO2 (88% in room air) developed (Table 3).  
She had a contact history with four family members with 
confirmed COVID-19, but the time elapsed from exposure to 
symptoms was unknown. Chest radiograph showed progres-
sion of alveolar infiltration at the right upper, middle, and 
lower lung zones and at the left upper and lower lung zones 
(Figure 4C). Both nasopharyngeal and throat swab samples 
were then tested for SARS-CoV-2 RNA using RT-PCR. The 
results showed detectable SARS-CoV-2 RNA levels at the 
region of ORF1ab, N gene, NS-1, and NS-2 in both sam-
ples. Laboratory findings showed normal white blood cell 
count with low ALC (899 cells/mm3) and mildly elevated 
ALT levels (51 U/L). The patient was transferred to the neg-
ative pressure isolation ward and received antiviral treatment 
with hydroxychloroquine (400 mg every 12 hours for 1 day, 
then 200 mg every 12 hours, orally), darunavir plus ritona-
vir (800/100 mg once daily, orally), and favipiravir (1600 mg 
every 12 hours for 1 day then 600 mg every 12 hours, orally). 
Azithromycin (500 mg then 250 mg once daily, orally) was 
given for anti-inflammation.

F I G U R E  2  Chest imaging of a 34-year-old Thai woman (case 2). A, Chest radiograph on day of hospitalization, showing minimal interstitial 
infiltration in the left lower lung zone. B, Chest computed tomography scan without contrast on day of hospitalization, showing patchy ground 
glass, with overlying consolidation opacity, and interlobar septal thickening in the inferior lingular segment of the left upper lobe. C, Chest 
radiograph on day 6 of hospitalization, showing progression of alveolar infiltration in the right upper and middle lung zones and increased 
interstitial infiltration in the left upper, middle, and left lower lung zones. D, Chest radiograph on day 36 of hospitalization was normal

(A) (B) (C) (D)

F I G U R E  3  Generalized maculopapular rash throughout the face, 
neck, and trunk in a 34-year-old Thai woman (case 2) observed on day 
12 of hospitalization



   | 3271SURABOTSOPHON eT Al.

T
A

B
L

E
 3

 
Sy

m
pt

om
s a

nd
 si

gn
s, 

la
bo

ra
to

ry
 fi

nd
in

gs
, a

nd
 m

an
ag

em
en

t o
f a

 7
8-

ye
ar

-o
ld

 T
ha

i w
om

an
 (c

as
e 

3)
 fr

om
 th

e 
da

y 
of

 h
os

pi
ta

liz
at

io
n 

to
 d

ay
 1

5 
of

 h
os

pi
ta

liz
at

io
n

D
ay

 o
f h

os
pi

ta
liz

at
io

n
0 

(I
C

U
)

1 
(I

C
U

)
2 

(I
C

U
)

3 
(I

C
U

)
4 

(I
C

U
)

5 
(I

C
U

)
6 

(W
ar

d)
7 

(W
ar

d)
8 

(W
ar

d)
9 

(W
ar

d)
10

 
(W

ar
d)

11
 

(W
ar

d)
12

 
(W

ar
d)

13
 

(W
ar

d)
14

 
(W

ar
d)

15
 

(W
ar

d)

Sy
m

pt
om

s a
nd

 si
gn

s

Fe
ve

r (
ºC

)
37

.2
36

.5
36

.4
38

.4
37

.5
36

.9
36

.6
36

.8
36

.7
36

.6
37

.0
36

.6
36

.3
37

.0
37

.2
37

.2

C
ou

gh
−

−
−

−
−

−
−

−
−

−
−

−
−

+
+

+

Fa
tig

ue
−

−
−

−
−

−
−

−
−

−
+

+
+

+
+

+

D
ia

rr
he

a
−

−
−

−
−

−
−

−
−

−
+

+
+

+
+

+
+

SO
B

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
+

+

R
R

 (b
re

at
hs

/m
in

)
14

18
20

16
18

20
20

20
22

22
22

20
20

20
22

22

Sp
O

2/F
iO

2 (
ra

tio
)

98
/0

.2
1 

(4
67

)
98

/0
.2

1 
(4

67
)

97
/0

.2
1 

(4
62

)
98

/0
.2

1 
(4

67
)

98
/0

.2
1 

(4
67

)
98

/0
.2

1 
(4

67
)

97
/0

.2
1 

(4
62

)
98

/0
.2

1 
(4

67
)

96
/0

.2
1 

(4
57

)
97

/0
.2

1 
(4

62
)

94
/0

.2
1 

(4
48

)
95

/0
.2

1 
(4

52
)

95
/0

.2
1 

(4
52

)
96

/0
.2

1 
(4

57
)

96
/0

.2
1 

(4
57

)
88

/0
.2

1 
(4

19
)

H
R

 (b
ea

ts
/m

in
)

82
11

2
10

8
12

4
11

0
10

8
96

88
86

86
90

94
72

76
72

82

G
la

sg
ow

 c
om

a 
sc

al
e

E3
M

1V
4

E4
V

2M
6

E4
V

2M
6

E2
V

2M
5

E3
V

2M
5

E3
V

4M
5

E3
V

4M
5

E3
V

4M
5

E3
V

5M
6

E3
V

5M
6

E3
V

4M
5

E3
V

4M
5

E3
V

4M
5

E3
V

4M
5

E3
V

4M
5

E3
V

4M
5

La
bo

ra
to

ry
 fi

nd
in

gs

SA
R

S-
C

oV
-2

 R
N

A
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

de
te

ct
ed

H
gb

 (g
/d

L)
14

.4
−

−
13

.5
−

−
−

11
.4

−
−

−
13

.5
−

−
−

13
.2

H
ct

 (%
)

42
.2

−
−

39
.0

−
−

−
33

.5
−

−
−

39
.3

−
−

−
38

.8

W
B

C
 (c

el
ls

/m
m

3 )
73

20
−

−
12

27
0

−
−

−
75

20
−

−
−

85
80

−
−

−
52

60

A
N

C
 (c

el
ls

/m
m

3 )
39

45
−

−
97

67
−

−
−

58
66

−
−

−
67

35
−

−
−

38
40

A
LC

 (c
el

ls
/m

m
3 )

24
81

−
−

99
4

−
−

−
85

0
−

−
−

89
2

−
−

−
89

9

Pl
ts

 (/
m

m
3 )

18
50

00
−

−
17

20
00

−
−

−
27

50
00

−
−

−
30

10
00

−
−

−
21

10
00

A
LT

 (U
/L

)
22

−
−

−
−

−
−

−
−

−
−

−
−

−
−

51

C
r (

m
g/

dL
)

0.
6

−
0.

6
−

−
−

0.
8

0.
8

0.
8

−
0.

6
−

−
0.

6
0.

6
0.

7

M
an

ag
em

en
t

O
xy

ge
n 

(L
/m

in
)

−
−

−
−

−
−

−
−

−
−

N
C

 (3
)

N
C

 (3
)

N
C

 (3
)

N
C

 (3
)

N
C

 (3
)

N
C

 (3
)

M
an

id
ip

in
e

10
 m

g
10

 m
g

10
 m

g
20

 m
g

20
 m

g
20

 m
g

20
 m

g
20

 m
g

20
 m

g
20

 m
g

20
 m

g
20

 m
g

20
 m

g
20

 m
g

20
 m

g
20

 m
g

H
yd

ra
la

zi
ne

−
−

−
50

 m
g

50
 m

g
50

 m
g

50
 m

g
50

 m
g

50
 m

g
50

 m
g

50
 m

g
50

 m
g

50
 m

g
50

 m
g

50
 m

g
50

 m
g

M
et

op
ro

lo
l

−
−

−
50

 m
g

10
0 

m
g

10
0 

m
g

10
0 

m
g

10
0 

m
g

10
0 

m
g

10
0 

m
g

10
0 

m
g

10
0 

m
g

25
 m

g
25

 m
g

25
 m

g
25

 m
g

A
m

io
da

ro
ne

−
−

−
40

0 
m

g
40

0 
m

g
40

0 
m

g
20

0 
m

g
20

0 
m

g
20

0 
m

g
10

0 
m

g
−

−
−

−
−

−

H
yd

ro
xy

ch
lo

ro
qu

in
e

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
40

0 
m

g 
q 

12
 h

D
ar

un
av

ir 
+

 
R

ito
na

vi
r

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
80

0/
10

0 
m

g

Fa
vi

pi
ra

vi
r

−
−

−
−

−
−

−
−

−
−

−
−

−
−

−
16

00
 m

g 
q 

12
 h

A
zi

th
ro

m
yc

in
−

−
−

−
−

−
−

−
−

−
−

−
−

−
−

50
0 

m
g

A
bb

re
vi

at
io

ns
: A

LT
, a

la
ni

ne
 a

m
in

ot
ra

ns
fe

ra
se

; A
LC

, a
bs

ol
ut

e 
ly

m
ph

oc
yt

e 
co

un
t; 

A
N

C
, a

bs
ol

ut
e 

ne
ut

ro
ph

il 
co

un
t; 

C
r, 

cr
ea

tin
in

e;
 F

iO
2,

 fr
ac

tio
n 

of
 in

sp
ire

d 
ox

yg
en

; H
gb

, h
em

og
lo

bi
n;

 H
ct

, h
em

at
oc

rit
; H

R
, h

ea
rt 

ra
te

; h
s-

C
R

P,
 

hi
gh

 se
ns

iti
vi

ty
 C

-r
ea

ct
iv

e 
pr

ot
ei

n;
 IC

U
, i

nt
en

si
ve

 c
ar

e 
un

it;
 IL

-6
, i

nt
er

le
uk

in
-6

; L
D

H
, l

ac
ta

te
 d

eh
yd

ro
ge

na
se

; N
C

, n
as

al
 c

an
nu

la
; P

lts
, p

la
te

le
ts

; R
R

, r
es

pi
ra

to
ry

 ra
te

; S
pO

2,
 a

rte
ria

l o
xy

ge
n 

sa
tu

ra
tio

n;
 S

O
B

, s
ho

rtn
es

s o
f b

re
at

h;
 

W
B

C
, w

hi
te

 b
lo

od
 c

el
l c

ou
nt

.



3272 |   SURABOTSOPHON eT Al.

Between days- 16 and 17 of hospitalization, the patient 
had low-grade fever (37.5-38.2°C), cough, fatigue, watery 
diarrhea, and shortness of breath (Table 4). She was then 
transferred to the ICU with negative pressure isolation and 
received supplement oxygen (3 L/min) via a nasal cannula 
while in the prone position, in order to keep SpO2 >94%. 
On day- 18 of hospitalization, the patient had shortness of 
breath with decreased SpO2 (90% in room air) and received 
endotracheal tube intubation with ventilator support due to 
hypoxic respiratory failure. Chest radiograph showed in-
creased alveolar infiltration and pleural effusion in both 
lungs. On day- 19 of hospitalization, she had no fever but 
still had dry cough and worsening hypoxemia, with a low 
SpO2/FiO2 ratio (98), determining the occurrence of severe 
ARDS. Laboratory findings showed a low ALC (619 cells/
mm3) and increased serum creatinine levels (>0.3 mg/dL) 
from baseline, determining the diagnosis of acute kidney 
injury (AKI) (Table 4).

On day- 26 of hospitalization (Table 4), the patient devel-
oped shock, as blood pressure was 63/32 mmHg, and the mean 
arterial pressure (MAP) was 42 mm Hg. Norepinephrine was 
administered intravenously to keep MAP >65 mm Hg. The 
patient developed bradycardia with a heart rate of 32 beats/
min due to sick sinus syndrome (Figure 5) and was then 
on a temporary pacemaker at a pace rate of 70 beats/min; 
dexamethasone (4  g every 8  hours, intravenously) was ad-
ministered due to suspected myocarditis. Chest radiograph 
showed decreased infiltration in the left upper lung zone, but 
no change in both the lower and right upper lung zone infil-
tration. Right basal pleural effusion was slightly decreased. 
The hs-CRP levels were still high (228.0 mg/L), and IL-6 
levels were high (358.0 pg/mL). Tocilizumab (8 mg/kg/dose 
intravenous drip for 90  minutes) was then administered in 
order to attenuate lung inflammation. Other laboratory find-
ings showed high arterial blood lactate (4.5  mmol/L) and 

increased serum creatinine levels (2.29 mg/dL). Meropenem 
(1 g every 24 hours, intravenously) was administered for sus-
pected hospital-acquired infection.

On day- 27 of hospitalization (Table 4), the patient had 
low body temperature of 35.0°C, but had productive cough 
with yellow phlegm, watery diarrhea, and shortness of breath. 
Chest radiograph showed interstitial infiltration at both lungs. 
Laboratory findings showed leucocytosis with neutrophilia 
and high serum procalcitonin (0.87  ng/mL), but decreased 
hs-CRP (168.0 mg/L) and arterial blood lactate (3.4 mmol/L) 
levels. Serum creatinine levels remained increased (2.67 mg/
dL), and continuous veno-venous hemofiltration  (CVVH) 
was then started, indicated by fluid overload.

On day- 30 of hospitalization, the patient still had shock 
(Table 4). Laboratory findings showed marked leucocytosis 
and decreased hs-CRP levels (32.0 mg/L). However, SARS-
CoV-2 RNA detection using RT-PCR assay was negative on 
two repeated samples of nasopharyngeal and oropharyngeal 
swabs. On day- 31 of hospitalization, the chest radiograph 
showed diffuse alveolar infiltration in both lungs with in-
creased right pleural effusion (Figure 4D).Vancomycin (1 g 
every 48 hours, intravenously) and micafungin (100 mg every 
24  hours, intravenously) were added for septic shock and 
presence of immunosuppression, but her clinical status did 
not improve and she died on day- 31 of hospitalization.

3 |  DISCUSSION

We reported three cases of patients with confirmed SARS-
CoV-2 infection with severe pneumonia according to the def-
inition of WHO,12 characterized by fever, cough, dyspnoea, 
bilateral lung infiltration, and SpO2 <94% in room air. All pa-
tients had chronic medical illness, shown to be more common 
among patients with severe pneumonia (38.7%) compared to 

F I G U R E  4  Chest imaging of a 78-year-old Thai woman (case 3). A, Chest radiograph on day 3 of hospitalization, showing increased alveolar 
infiltration in both lower lung zones. B, Chest radiograph on day 5 of hospitalization, showing decreased infiltration in both lower lung zones. C, 
Chest radiograph on day 15 of hospitalization, showing progression of alveolar infiltration in the right upper, right middle, and right lower lung 
zones, and in the left upper and left lower lung zones. D, Chest radiograph on day 31 of hospitalization, showing diffuse alveolar infiltration in both 
lungs with increased right pleural effusion

(A) (B) (C) (D)
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those without (21.0%).4 There was one older patient (case 3) 
who died after developing severe ARDS, characterized by 
arterial oxygen tension/FiO2 ≤100 mm Hg with positive end-
expiratory pressure ≥5 cm H2O, septic shock, sick sinus syn-
drome, and AKI. A previous study showed that older patients 
with confirmed SARS-CoV-2 infection and aged ≥65 years 
are at risk of developing ARDS (hazard ratio 3.26) and of 
progressing from ARDS to death (hazard ratio 6.17).13

Regarding exposure history, two of the patients (cases 1 
and 2) were healthcare workers and had a history of expo-
sure to a patient with COVID-19, with a time to illness de-
velopment after exposure of 15 days in case 1 and 17 days 
in case 2. The time elapsed from exposure to symptoms was 
unknown in case 3. A previous study showed a median in-
cubation period of 4  days among patients with COVID-19 
pneumonia, which was shorter than that among our patients.4

The duration from the onset of symptoms to the devel-
opment of pneumonia was only a few days: 3 days in case 1 
and 2 days in case 2. Severe pneumonia, defined according to 
WHO,12 developed on day 6 of illness in cases 1 and 3 and on 
day 8 in case 2. However, a previous report showed a median 
time from symptom onset to pneumonia development of 5 
days and to severe pneumonia development of 13 days, both 
longer than those in our report.7 Chest CT scan in cases 1 and 
2 showed ground-glass opacity with local patchy shadowing. 
However, chest radiograph was normal in case 1 and showed 
minimal local patchy shadowing in case 2. In addition, chest 
radiograph in case 3 showed local patchy shadowing with 
interstitial abnormality. Similarly, a previous study showed 
abnormalities on chest radiograph in 59.1% of patients with 
COVID-19, which were fewer than abnormalities on chest 
CT scan observed in 86.2% of the patients4; these abnormal-
ities included ground-glass opacity (56.4%), bilateral patchy 
shadowing (51.8%), local patchy shadowing (41.9%), and in-
terstitial abnormalities (14.7%).4

Laboratory findings in our patients showed normal white 
blood count with lymphopenia (ALC <1500 cells/mm3). A 
previous study reported that lymphopenia was present in 
83.2% of patients with confirmed SARS-CoV-2 infection, 
and particularly in those with severe pneumonia (96.1%), 
those admitted to ICU, used mechanical ventilation, or died 
(92.6%).4 The levels of hs-CRP, LDH, and IL-6 were in-
creased in our patients, consistent to what was previously re-
ported among patients with severe pneumonia.4,14

With the development of severe pneumonia, which was 
refractory to a combination antiviral therapy, including hy-
droxychloroquine combined with lopinavir plus ritonavir 
and favipiravir in cases 1 and 2, slow infusion of 8 mg/kg/
dose tocilizumab for 90 min, with a repeated dose in the next 
12 hours, was performed in order to attenuate lung inflam-
mation. Both patients were admitted to the ICU and required 
supplemental oxygen therapy in the prone position in order 
to reach the target of SpO2 >94%. The symptoms of both D
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patients improved, as indicated by the rapid resolution of fever 
and decreased oxygen supplementation within 24 hours. The 
levels of hs-CRP rapidly decreased, lung opacities also de-
creased, and IL-6 level increased after receiving tocilizumab. 
This may be due to the decrease function of IL-6 as a critical 
mediator for the development of cytokine storms, leading to 
respiratory failure, shock, and organ dysfunction in patients 
with severe COVID-19 pneumonia.4-6

However, our third patient (case 3) developed severe 
ARDS and one dose of tocilizumab (8 mg/kg/dose for 90 
min) was administered with dexamethasone (12 mg daily). 
After receiving treatments with tocilizumab and the cortico-
steroid, his hs-CRP levels were still high, and IL-6 levels in-
creased. The patient died due to cobacterial infection within 
2 weeks after ICU admission. A previous study showed com-
mon complications among patients with severe COVID-19 
pneumonia, including ARDS (15.6%), septic shock (6.4%), 
and AKI (2.9%),4 which was similar to what we observed in 
case 3.

No clinical trial has been carried out on the effectiveness 
of a combination antiviral therapy. However, several studies 
have been conducted on pharmacological treatments with 
potential clinical benefit and adjunctive pharmacological 
treatments.15 After a complete 14-day treatment course of 
favipiravir in two of our patients, SARS-CoV-2 RNA was 
undetectable within 1 day and 2 days in cases 2 and 3, respec-
tively; however, SARS-CoV-2 RNA was still detectable for at 
least 36 days in case 1 who had a complete 10-day treatment 
course of favipiravir. Similarly, a previous study showed fa-
vipiravir as an independent factor associated with faster viral 
clearance than that with lopinavir plus ritonavir (hazard ratio 
3.43).9

A systematic review showed that tocilizumab may be used 
as a potential adjunctive pharmacological treatment for pa-
tients with COVID-19, particularly for those with high IL-6 

levels.11 A previous study showed that tocilizumab dose 
ranged from 80 to 600  mg, with an average of 1.5 doses 
among 15 patients with COVID-19, 47% of whom were crit-
ically ill; the case fatality rate was 20%.16 Further ongoing 
randomized controlled trials may help to clarify the benefit 
of tocilizumab for COVID-19 particularly severe COVID-19 
pneumonia.11

4 |  CONCLUSION

Early diagnosis and timely treatment of severe COVID-19 
pneumonia may be important for the survival of patients 
to prevent the development of a cytokine storm, which is a 
critical mediator of respiratory failure, shock, and organ dys-
function. Tocilizumab could be used in patients with severe 
COVID-19 pneumonia who did not respond to a combination 
of antiviral therapy. However, the use of a combination anti-
viral therapy should be further confirmed in clinical trials or 
national regulations with close monitoring.
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